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In ca l ibra t ing  the  backscatter coeff ic ient  obtained with an imaging syn- 
t h e t i c  aperture radar (SARI systen! t o  determine absolute values of radar 
cross-section and refl%ctiv,ty it is common p~ - t i c e  t;, use a t a rge t  of 
known radar cross-section placed within the  scene. 
as a point target, but the  return f r o m  it may not be centered i n  the  resolu- 
t ion  ce l l .  It is important, f o r  accurate cal ibrat ion,  t o  perform straddl ing 
corrections based on the  range bin and doppler f i l t e r  response curves. 
A corner r e f l ec to r  a c t s  
1.0 THE CALIBRAT'ION PROBD. 
A method commonly used t o  ca l lbra te  the  backscatter coef f ic ien t  i n  an 
imaging SAR q s t e m  is t o  place a point t a rge t  of h t ~ n  radar cross-section 
(RCS), such as a corner re f lec tor ,  within the imaged area. 
cal ibrat ion t a rge t ,  the  absolute RCS o r  (3' value can only be inferred.  
ure 1 i s  a SAR map made by the  FLAMR (Forward Looking Advanced Multimode 
Radar) System, a d i g i t a l  processor system using binary phase coded pulse 
compression and a doppler s igna l  processor w i t h  16 pre-summed doppler 
f i l t e r s  (sixteen point Conplex Fourier Transform). 
vehicle array at. the  Marine base near B a r s t o w ,  California. 
cal ibrat ion t a rge t  ma i l ab le  i n  the  array,  cr-3s-section da ta  on these 
vehicles may be extracted provided cer ta in  corrections are made, 
Without the  
Fig- 
This i s  a map of a 
With a su i tab le  
1.1 RESOLUTION CELL STPADDLING 
The cal ibrat ion t a rge t ,  a t r i h e d r a l  corner r e f l ec to r ,  may be located w i t h i n  
the imaged area, and i f  i t s  nominal RCS i s  known as a function o f  aspect 
angle, it may be used as a reference, provided it is i n  the  peak response of 
the  range and azimuth f i l t e r  response, and i s  not saturat ing the radar re- 
ceiver. The corner r e f l t  :tm should a l so  be an i so la ted  point t a rge t  well  
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abow t h e  surrounding c l u t t e r  level. 
comer re f l ec to r s  positioned in an agricultural scene mapped by the  
FLAMR SAR. 
one i n  t h e  center  of t h e  arra~r 45.72 cm (18 in.) on the in s ide  dimension. 
Figure 3 i s  t h e  measured response of t h i s  tarzet, so that j-ts value may be 
known, provided i ts  aspect to  the  radar is known. Frequently, however, t h e  
s m p l i n g  g r i d  the  radar system strsddles the  point  t a r g e t  and it then 
becanes necessary t o  correct  t he  observed response i n  both range and cross- 
range for such e f f ec t s .  
the ?met b in  and of the  doppler f i l t e r  response must be known. 
points  may be summarized 8s followsfor the  spec ia l  case of impulse response 
sylmnetry, and invariance of  the  impulse response ir azimuth: 
L e t  
Figure 2 is of  an a r r a y o f  th ree  
The re femnce  corner r e f l e c t o r  for  a* and RCS data i s  the  
of  
In  order  t o  make such a correct ion,  the  shape of 
These 
f = amplitude response of  a r e d o h t i o n  ce l l  = f ( r ,  a) with r 
t h e  range dimension, a t h e  a z i m t h  dimension, then 
and ro, a. is t h e  poin t  of naximum response. 
t a r g e t ,  power receiv?d P is 
For a poin t  
R 
PR = K u 8 (rt, a t ) ,  i n  which (2  1 
all t h e  constant radar parameters (including the  range, although it may 
cause a usual ly  negl ig ib le  e r r o r )  are lumped i n t o  a constant K, and rt, at 
define t h e  ac tua l  posi t ion of the s c a t t e r e r  of  cross-section u i n  the 
resolut ion cell.  "he value of 8 (ro, ao) = 1. The s t raddl ing  correct ions 
i n  azimuth and range are made t o  e f f ec t ive ly  convert t h e  v a l c  of f 
t o  unity,  so t h a t  t h e  result is: 
2 
(rt, at' 
pR = K u r2 (ro, ao) = KO 
8 ( r t ,  a,) 
from which K may be known 
K =  pR 
f2 (rt,  at)  
(3) 
( 4 )  
assuming u i s  known fo r  the reference ca l ibra t ion  t a r g e t  (corner r e f l e c t o r ) .  
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1.2 STRADDLING CORRECTIONS 
The process of modfrying pR by the  f ac to r  8 (rt, at) is  a two-ste? one using 
the range end azimuth s t raddl ing  correct ion curves. 
bhe response cums of a range bin and doppler f i l ter ,  which &re presented i n  
Figure 4. 
12 and 24 meters (20, 40 and 80 feet). 
for t h e  3 r e so lu t ims  but  t he  range b in  shape w a s  not ,  as may be observed. 
Figure 5 ind ica tes  how two adjaccnt range birls overlap and t h e  correct ion 
curve which mw be derived f o r  s t raddl ing  corrections.  
Tiese are derived from 
This p a r t i c u l a r  SAR system had 3 nominal resolut ions of 6 meters, 
The doppler f i l t e r  shape w a s  constant 
1.3 !ME COR3ECTION CURVE 
The s t raddl ing  correct ion curve is obtained by p l o t t i n g  t h e  difference be- 
tween t h e  m a x i m m  of t h e  response curve and t h e  value at every o the r  point  
88 a function of t h e  d i f fe rence  between m e  curve and i t s  adjacent neighbor, 
up t o  the  poin t  of zero difference,  both toward, and away f m m ,  t h e  radar. 
FrGm t h i s ,  it is evident  t h a t  tlie max imum correct ion w i l l  be required when 
t h e  t a r g e t  exh ib i t s  equal re turns  i n  ad.jacent rawe bins .  
for obtaining t h e  correct ion curves may be understood by r e fe r r lng  t o  Figure 
5. When t h e  f i l ter  response is symmetrical, as it i s  i n  azimuth, t he  "r- 
rect ion curve i s  the  same e i t h e r  i n  t h e  mapping d i rec t ion  o r  away from €t. 
lbis procedure 
2.0 CORRECTION OF OBSERVED DATA 
A print-out of the p ixe l  da t a  i s  useful i n  making the  s t raddl ing  c o r r e c t i d ,  
on a point t a rge t .  
azimuth l i n e s  and 384 range b ins ,  need not  be pr inted.  
can usually be roughly located using a measurement of a map photograph. 
Figure 6 i l l u s t r a t e s  t h e  procedure. 
ta t h e  maximum is  used i n  azimuth, and i n  -awe,  t o  obtain the  difference.  
Y , l a r g e r  range difference is  away from the  radar ,  1 5  f i l t e r  magnitude 
% d u e s .  
t he  upper curve of Figure 5 ,  gives a correct ion i n  f i l t e r  magnitude values 
t o  be added t o  the  max imum.  The f i l t c r  magnitude values can be converted 
t o  d? by multiplying by the f ac to r  .376 o r  approximately 3/8. 
The e t t i r e  map, which i n  the FLAMP, case cons is t s  rf 556 
The corner r e f l e c t o r  
The f i l t e r  magnitude value next l a rges t  
Entering the  range s t raddl ing  correct ion curve ''away from the  radar'' 
V-1-3 
Thie i s  because the  recorded f i l t e r  magnitude 1ogaritkn;c data i s  
' q n o r i ~ g  compute1 f'unction algoritl-m e r ro r .  
&at8 are recorded i n  an &bi t  format with a m a x i m u m  possible  recorded vrJue 
of 193. 
The ij g i t a l  f i l t e r  magnitude 
I n  decibels  the f i l ter  magnitude is  given by 
2.1 OBTAINING T;IE CALIBRATION FACTOR 
The s t raddl ing  correctior? curve m a y  be e i t h e r  i -  dB o r  i n  f i l t e r  magnitudes. 
Figure 6 i l l u s t r a t e s  hox t he  value o f  K i s  reached wi th  straddlir 
++oris ana corrections f o r  off-bore si te aspect of t h e  radar  t o  tne  ~sr:.:r 
ref l e  c t  tlr. 
'*oi'iec- 
2.2 DETERMINING AN AREA FACWB FO,? 0'. 
%e e f fec t ive  area f o r  the resolut ion c e l l  i s  required i n  calculatiolis  o f  
r e f l e c t i v i t y  f o r  &ifevent  tqpes of  terrain. 
average the values f o r  a r tp re sen ta t ive  sample of  p iye ls ,  tipply the  cal ibra-  
t i o n  f ac to r  an3 then divide by the  e f f ec t ive  area of' a pixel .  
The usual procedure is t o  
( 7 )  2 uo (dB) = u (d€!?n2? - 10 Log Area (m ) 
The a2fect ive area is t h e  e f f ec t ive  range dimension times t i - e  e f f ec t ive  a L i -  
muth dimension, found by Antegrating the  areas under the  impulse response 
curves and dividing by the  peak respouse. Table 1 provide.; these - d u e s  as 
obtained f o r  t he  F W  System. 
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3.0 OBTAIXINC THE M C E  AHD AZIMUTH FILTER RES'OHSE 
The system was measwd using a large (30,GOO m 
an a hill (Baldwin Ifills) about 10 kiloareters fmm the Los kngeles 
Internat ioaal  Airport with a clear radar line-of-sight. 
of the test bed aircraft on t h e  ramp at its operating bssc. 
put under manual control and with the corner r e f l ec to r  return positioned i n  
the  zero doppler (d.c. 
changing the  start range window. The start range is moved through at. least 
thrpc range bins, and the data recorded Pram d.c. filter. O f  course, system 
power is monitored and various system parameters are recorded f o r  any con- 
figuration variables,  such as number of pulses per  array, pulse compression 
l e n e h ,  code and sequence. "he data obtained may then be p lo t ted  3s a 
function of range and several  of the  curves averwed t o  obtain the  average 
response of the system i n  range for t h e  d i f f emnt  bandwidths ( resolut ions)  
available. The doppler filter shape  may be measured i n  much t h e  same way, 
by adJusting the  frequenq synthesizer i n  approximately 1/10 f i l t e r  width 
increments over a range of from at least the  center of f i l t e r  fc-4 t o  the  
center of  f c  + 4. 
is characterized by the expression 
2 comer  reflector s i tua t ed  
Figure 7 is a v i e w  
The system is 
filter, the  range is incremented by -75 meters by 
The d i g i t a l  doppler f i l ter  is w e l l  behaved, and f o r  FLAMR 
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s in  (E) 
f(x) = 
2 
1+.06 x (id 
Vhich rq be squarcd and the area obtained i n  vatt-seconds by integrating 
-der the curve using the  method of residues. 
m4y k integrated using Simpson's Rule or some other procedure. 
The cu17es for range response 
1.0 TrPIcAL R%NLTs 
Withod going into detail, sope typical results are provided i n  Figure 8, 
for  the ref lect ivi ty  of vaiic\~s types of scene content frm Figure 1. 
values uere obtained by use of the calibration factor obtained using t he  
corner reflector data of Figure 3. 
aircraft data tapes (alt i tude),  f r o m  the radar map (azimuth l ines  vs. road 
directions), and ground t ruth infomation regarding the  orientation of the 
reflector. 
These 
Aspect angle data were obtained fram the 
1. Grimn, C. R., Amendment t o  ARL:JT '3kchnica.l R e p o r t  TR-76-8 "Radar 
Reflectivity Study", AFLITM-77-1, 6 January 1976 
2. Rasco, W. A., and Griffin, C. R., Radar Reflectivity S t u k ,  ARGTR-76-8, 
Air Force Avionics Laboratory, March 1976 
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Figure 3. Measured RCS of a 45.72 cm Trihedral Comer Reflector 
Figure 4. Range Bin end Doppler Filter Response Curves for FLAMR 
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STRADDLING CORRECfIO?4S f OR 
RANGE AND AZIIIUTH FILTER S W E S  
I. 
I. 
ir 
:: . 1 I. 5 -  . * -  " I  . 
2 . 
0.. L.. t h l  
Figure 5.  Adjacent f i l t e r  overlap and Derived Straddl ing Correction Curves 
F i l t e r  Magnitude Original Value 16 3 
Data in Region of Azimuth Straddl ing Correction 001 
Corner Reflector Range Straddl ing Correction 012 
176 
i ! . Q  
A f U  
128 163 149 u CR = 27.4 dB 
Az/E1 cor rec t icn  = -2.1 d.3 
u CR = 25.3 dB 
K = (.376) (176) - 25.3 = 40.7 a 
10 5 
f Azimuth 
Figure 6 .  Establishing the value of K using straddling and 
Aspect Angle Corrections. 
v-1-9 

